"" The question of whether unruptured intracranial vertebral artery dissections should be treated surgically or nonsurgically still remains unresolved. In this study, six consecutive patients with intracranial vertebral artery dissection presenting with brain-stem ischemia without subarachnoid hemorrhage (SAH) were treated nonsurgically with control of blood pressure and bed rest, and five received follow-up review with serial angiography. No further progression of dissection or associated SAH occurred in any of the cases, and all patients returned to their previous lifestyles. In the serial angiograms in five patients, the findings continued to change during the first few months after onset. Four cases ultimately showed "angiographic cure," while fusiform aneurysmal dilatation of the affected vessel persisted in one case. In one patient, arterial dissection was visualized on the second angiogram despite negative initial angiographic findings.
R ECENTLY, intracranial arterial dissection has come to be recognized as a rather common cause of stroke in the vertebrobasilar system. With increased awareness of the problem and better diagnostic ability, more and more cases are diagnosed and treated. Previously, it was considered inappropriate to let the condition take its natural course, and most patients were surgically treated if possible. 4 ,38 However, recent reports have disclosed the benign nature of this condition,15,23 which has raised questions about indications for performing surgery. To determine the optimum management of this pathological condition, it is essential to know both the published surgical results and the outcome of nonsurgical treatment. Although many reports have described the results in surgical series, there has been no large study focusing on the nonsurgical alternative. Thus, the major purpose of this study was to demonstrate the feasibility of nonsurgical treatment using the experience gained in our six cases of intracranial vertebral artery dissection. Most of these cases were followed angiographically, and these results are also presented.
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Clinical Material and Methods
Six consecutive cases of intracranial vertebral artery dissection presenting without subarachnoid hemorrhage (SAH) that were diagnosed and treated at the University of Tokyo Hospital, Tokyo, and the Teraoka Memorial Hospital, Hiroshima, form the subject of this study. There were four men and two women who ranged in age from 33 to 64 years (mean 51.5 years). The dissections were located in the vertebral artery in four cases and the vertebrobasilar artery in two. The left vertebral artery was affected in three cases, the right in two, and both in one. Four patients had a history of hypertension. All patients presented with ischemic symptoms, and SAH was excluded by computerized tomography or by cerebrospinal fluid examination. The clinical profiles are summarized in Table 1 .
Nonsurgical Treatment of Vertebral Artery Dissections
All six patients were treated nonsurgically. The therapeutic regimen for each included control of blood pressure (keeping it at a normotensive level) and bed rest for several weeks. In five cases, no antiplatelet, anticoagulant, or hemostatic drugs were administered; the one exception (Case 2) had prominent arteriosclerosis of the intracranial arteries. The follow-up period in these patients ranged from 1 to 2.5 years,
Serial Follow-Up Angiography
Five patients (Cases 2 to 6) received angiographic follow-up monitoring until their abnormal findings disappeared or were stable. The chronological sequence of the angiographic changes in these cases was studied.
The angiographic follow-up periods ranged from 52 to 218 days (mean 132 days).
Results
Nonsurgical Treatment of Vertebral Artery Dissections
No further progression of dissection or SAH from the dissection occurred in any of the six cases ( Table  1 Case 5, Wallenberg's syndrome gradually developed 2 days after presentation, but this also subsequently improved.
Serial Follow-Up Angiography
The serial angiographic findings of the present series are given in 2, and retention of contrast material in Case 4. Ultimately, the conditions were classified into three patterns: 1) resolution of abnormal findings with only minimal narrowing or irregularity of the affected vessel (three cases); 2) occlusion of the affected vessel (one case); and 3) persistent aneurysmal dilatation of the affected vessel (one case). In all patients, the angiographic findings in the first few months were always changing. The time required before resolution or stabilizing of the abnormal findings ranged from 52 to 193 days. In one patient (Case 4), the initial angiogram 
Discussion
Nonsurgical vs. Surgical Treatment for Vertebral Artery Dissections
Historically, intracranial arterial dissections of the posterior circulation, unlike those of the extracranial arteries, have been considered life-threatening;3.9,32 however, recent case reports have revealed that conservative treatment of these dissections has resulted in successful resolution.
I ,15.23 Thus, the problem of whether intracranial dissections of the posterior circulation should be treated surgically or nonsurgically still remains unresolved. In this paper, we have limited our discussion to those cases originating in the intracranial vertebral artery.
Literature Review. In general, the possibility of recurrent hemorrhage from intracranial vertebral artery dissection is not insignificant. However, we have noted differences in the natural course of healing described in the cases presenting with and without SAH reported in the literature. Therefore, we reviewed the natural course (or the results of conservative treatment) of each group separately. We excluded from review any patient whose condition was so poor prior to the start of treatment that the only course was expectant observation.
Ten patients have been reported with intracranial vertebral artery dissection who presented without SAH and were treated conservatively (Table 3 ).1.2,4,5.7,18,21,31,37 Eight of them fared well without further progression of dissection or SAH resulting from the dissection. In one case, improvement was recognized after administration of an antiplatelet agen!.5 In two cases, SAH occurred and both patients died. In one of the two cases? abnormal hypertension (260/130 mm Hg) was noted just prior to the SAH. In the other case,37 the patient was treated with heparin.
Eleven reported patients with intracranial vertebral artery dissection who presented with SAH were treated conservatively (Table 3) .3,5,9,11,26,39 Rebleeding occurred in six of these patients, all of whom died.
We also reviewed the published surgical results of intracranial vertebral artery dissection (Table 3) . Fortythree cases involving surgery were collected from the literature. 2-5,9,12-14,16,19-21,24-26,29,30,32-35.38 Subarachnoid hemorrhage occurred in 34 cases and was absent in nine. Thirteen patients developed postoperative deficits. There were three postoperative deaths: one from gastrointestinal bleeding, one from hemorrhagic infarction of the cerebellum, and the third from a poor preoperative condition complicated by postoperative meningitis. Postoperative rebleeding occurred in one case in which the clip seemed to have been applied distal to the intimal tear in the first operation. 9 Rationale for Nonsurgical Treatment. Although analysis of the literature shows that surgical treatment, if the patient's condition allows, is necessary for those presenting with SAH,3 the results in our six cases together with those in the literature indicate that patients presenting without SAH can be treated nonsurgically. Although two patients died from SAH, they had complicated therapeutic factors (use of anticoagulant agents and abnormal hypertension) that may have promoted bleeding. Considering that surgical treatment is not without risk (as described in the literature review), we should be prudent in the selection of surgical procedures for such cases. Although the number of cases in the present study is not sufficient to conclude with certainty that nonsurgical treatment surpasses surgical treatment, there is another important reason to consider nonsurgical treatment for cases presenting without 36 while operating on a dissecting aneurysm 36 days after onset, confinned that the aneurysm was organizing. Among their surgical cases, a characteristic intramural hematoma was observed in three cases at 7, 17 , and 28 days after onset; however, the other 14 dissecting aneurysms were whitish gray with shiny, smooth surfaces, which were regarded as an indication of complete organization of the hematoma. In addition, spontaneous angiographic resolution has been reported in the literature 9 and was demonstrated in the present series
We contend that the above results support the possibility of nonsurgical treatment for intracranial vertebral artery dissections presenting without SAH, and we suggest that such treatment should be considered before pursuing surgery.
Nonsurgical Treatment for Intracranial Vertebral Artery Dissection. We have treated our cases of intracranial vertebral artery dissection by controlling the patient's blood pressure and ordering bed rest. As shown by the cases with hemorrhage during or just after cerebral angiography33.39 and by the cases in which SAH occurred just after abnonnal increase of the blood pressure,31 a rapid rise in the intraluminal pressure may invite further progression of the dissection or SAH; thus, we consider the control of blood pressure to be very important. Because stroke patients often have reactive hypertension in the acute stage, blood pressure monitoring is essential. The duration of bed rest in our series ranged from 1 week to 1 month and was determined on a case-by-case basis, taking blood pressure stabilization and neurological symptoms into account.
Use of antiplatelet or anticoagulant drugs is controversial. Extracranial dissections have often been treated with such drugs,6,17 and some intracranial vertebral artery dissection cases have been managed successfully in the same manner. t,5 Our Case 5 developed a definite Wallenberg's syndrome 2 days after onset. Considering that no progression of dissection was observed on the subsequent angiograms and that the onset of symptoms was gradual, we believe that this complication was caused by a disturbed flow within the vertebral artery and subsequently in the posterior inferior cerebellar artery or the perforating arteries exiting from the vertebral artery. This patient might have benefited from administration of an anticoagulant agent. However, considering that most of the recurrent hemorrhagic attacks described in the literature have been associated with such drugs 9 ,37 and that dissection is essentially a hemorrhagic disease, we still think that intracranial dis- section should be treated, as a rule, without antiplatelet or anticoagulant drugs. We have managed our patients without these medications except for Case 2, in which the patient had severe arteriosclerosis. There was only one case in the literature in which the use of an antiplatelet drug improved the outcome. 5 This patient was first treated with an anticoagulant agent that made her condition worse, but after she received an antiplatelet drug there were no further ischemic attacks. Use of anticoagulant or antiplatelet drugs in the chronic stage might be justified in some selected cases.
In general, by keeping to these therapeutic principles, we believe intracranial vertebral artery dissections presenting without SAH can be managed nonsurgically. However, some cases may harbor persistent angiographic abnormalities. Long-term prognosis and surgical indications for such cases should be determined by future studies.
Serial Angiographic Study
Many reports have described the angiographic diagnosis of intracranial arterial dissections of the posterior circulation,4,2o,26,36,38 but little is known about the natural angiographic course or the natural history of this pathological condition. For accurate diagnosis and proper management, knowledge of the angiographic features of this pathological condition is essential.
Literature Review. Our review of the relevant literature revealed 12 cases of intracranial vertebral artery dissection in which serial angiographies were available (Table 4) .2,6,9-11,13,19,26 Among the 12 cases, only two showed no interval changes on serial angiography.5,10
Six cases were followed for longer than 3 months, with resolution of the abnormal findings in one case 9 and progression to total occlusion of the affected vessel in one; II stenosis of the affected vessel persisted in one,10 three patients had persistent aneurysmal dilatation (two of who underwent surgery),2,26 and one was successfully treated with aspirin for recurrent transient ischemic attacks. 5 Characteristic Features of Dissection on Serial Angiography. Our results together with those found in the literature confirm the dynamic nature of this pathological condition as demonstrated by angiography, which probably reflects the healing process in the affected vessel. The angiographically dynamic period seems to last as long as 2 or 3 months after onset. Our results in four of five cases also suggest a high probability of "angiographic cure" (which includes occlusion of the affected vessel) in this disease. It is noteworthy that, in Case 4 of the present series and in the cases of Friedman and Drake,9 Ito, et al., 13 and Nishizawa, et al., 19 follow-up angiography revealed definite signs of arterial dissection that were not present on the admission angiography. The angiographic changes occurred without apparent clinical deterioration, except in the case of Nishizawa, et al. (Case 10, Table 4 ). Although these cases certainly support the necessity of repeated angiography in suspected but angiographically normal cases, they also suggest that angiographic changes may depend not only on the formation or absorption of the intramural hematoma but also on other processes such 672 C. Kitanaka, et al. as reactive constriction or dilatation of the affected vessel.
Patterns of Angiographic Change. A review of the present series and the case studies in the literature shows that both ectatic and stenotic changes in the affected vessel seen on the initial angiography, with the exception of cases described earlier, resolved over time. We assume that most of the ectatic components of the arterial dissection on initial angiography represent evidence of a false lumen. For example, the fusiform aneurysm seen on the initial angiogram of Case 5 (Fig. 3) is considered to give the "vague appearance" of a double lumen (insufficient contrast between the true lumen and the false lumen) rather than simple dilatation. Retention of contrast material, which also implies a false lumen, disappeared in Case 4. Stenotic components, which consist of narrowing due to intramural hematoma and probably from reactive vasoconstriction, tend to last longer but finally disappear with or without mild narrowing or minor luminal irregularities. Only in the case of Hara, et al.,ll and in our Case 3 ( Fig. 2c) did the stenosis progress to total occlusion.
In some cases, aneurysmal dilatation that had not been observed on initial angiography developed during the course of treatment. These cases could be divided into two types: aneurysmal dilatation that disappeared over the course of time as in our Cases 4 and 6, and the aneurysmal dilatation that persisted longer than 3 months as in our Case 5 and in the cases of Shimoji, et at.,26 Andoh, et al.,2 and Caplan, et al. 5 (in the case of Caplan, et al., initial angiography was performed 2 months after onset). It is suspected that, in the latter cases, destruction of the interna elastica or the lamina muscularis by intramural hemorrhage caused weakness of the arterial wall and fusiform dilatation.
Fusiform Aneurysms of the Vertebrobasilar Artery. Persistent aneurysmal dilatations after vertebrobasilar artery dissection pose a problem in the etiological consideration of fusiform aneurysms in this region. According to Stehbens,28 the vertebrobasilar trunk is a common site for intracranial fusiform aneurysms, which are often associated with atherosclerotic changes and manifest with ischemic symptoms or mass signs, rarely with hemorrhage. Echiverri, et al.,8 studied 13 cases of vertebrobasilar fusiform aneurysm, one of which ruptured. They also reviewed the literature and concluded that the rupture of fusiform aneurysms is rare. Pessin, et al.,22 studied seven cases of vertebrobasilar fusiform aneurysm, one of which presented with SAH. They concluded that hemorrhage is an uncommon complication but suggested that an underlying structural defect in the vessel other than atherosclerosis might predispose it to this complication.
Shokunbi, et al.,27 studied the clinicopathological aspects of seven fusiform intracranial aneurysms (including four vertebrobasilar aneurysms) in five autopsy cases. Four of the five cases exhibited SAH, and the fusiform aneurysms in their series were not associated with significant elongation or tortuosity of nearby vessels. They concluded that rupture of such aneurysms is not rare and that atherosclerosis is but one mecha- nism in the pathogenesis of these lesions. Andoh, et al.,2 reported six cases of vertebrobasilar fusiform aneurysm, all of which presented with SAH. The patients in that series were rather young, ranging in age from 30 to 55 years (mean 43 years). Considering all of these aspects, it is not unreasonable to assume that most fusiform aneurysms are atherosclerotic in origin and are often associated with ischemic complication, but that some fusiform aneurysms are sequelae of arterial dissection because they are associated with SAH. However, the risk of future hemorrhage or ischemic attacks (as in the case of Caplan, et al., 5 in which the persistent fusiform aneurysm became a source of emboli and was successfully treated with aspirin) from such fusiform aneurysms cannot be estimated from current available data. When a fusiform vertebrobasilar aneurysm without elongation or tortuosity of the parent vessel is seen, especially in young patients, dissection should be considered as a likely cause.
Angiography and Surgical Indications. As discussed earlier, intracranial vertebral artery dissections presenting without SAH are generally unlikely to rebleed, and such cases should be managed conservatively and mon-itored angiographically. The optimum angiographic follow-up period is considered to be 2 or 3 months, after which changes are less likely to occur. It should be stressed that SAH must be ruled out by computerized tomography or, if necessary, cerebrospinal fluid examination before a decision is made for conservative management, because it is currently widely accepted that ruptured arterial dissections should be treated surgically.
Surgical indications for unruptured vertebral artery dissections would be limited to the following two situations, observed on serial angiography. 1) A persistent double-lumen sign or retention of contrast material indicates that the false lumen has not healed and that the risk of recurrent dissection remains: no such case was observed either in our series or in published reports. 2) Fusiform aneurysms occurring as a sequela of dissection indicate surgery. The natural history of such aneurysms is not clear but they do carry the risk of future hemorrhage or ischemic attacks, as discussed earlier. Nevertheless, the determination of surgical indications remains difficult because of the limited number of reported cases. It would also be advantageous to determine whether arterial dissection originating in the basilar artery can be managed in the same way. Further investigations should contribute more information on this subject.
